The prognostic value of the right ventricular (RV) systolic to diastolic duration ratio (S/D ratio) in patients with advanced heart failure is not clear.
T
here is increasing appreciation of the potential impact of right ventricular (RV) function on outcome, even in patients with left-sided heart failure. However, assessing the RV function is difficult because of its complex anatomy and wall motion. Although the RV ejection fraction can be derived from several imaging modalities, such as scintigraphy, magnetic resonance, computed tomography, or 3D echocardiography, these are relatively expensive, have limited availability, and can require off-line calculations that are time consuming. Simple parameters that are easy to obtain and have high reproducibility are needed in daily practice.
In pediatric cardiomyopathy, previous reports have shown that the ratio between the duration of systole and diastole (S/D ratio), a fundamental characteristic of cardiac action, is an index of global left ventricular (LV) and RV function. [1] [2] [3] The value of the RV S/D ratio in children with pulmonary arterial hypertension is also temporally associated with worse RV function, hemodynamics, exercise capability, clinical status, and survival. 4) The higher the RV S/D ratio in children with pulmonary arterial hypertension, the higher the risk of an adverse outcome. 4) However, the role of the RV S/D ratio for predicting prognosis in patients with advanced heart failure is not clear. We hypothesized that the RV S/D ratio would be abnormally elevated in patients with advanced heart failure with dilated cardiomyopathy (DCM) who had a worse prognosis. 
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Methods
Patients and protocol:
We retrospectively analyzed 55 Stage C/D, New York Heart Association Class III/IV patients with DCM, who were admitted to our institution for evaluation of heart transplantation or management of heart failure. The diagnosis of DCM was established as LV dysfunction in the absence of coronary artery disease documented by coronary angiography, and the absence of specific heart muscle disease or active myocarditis on endomyocardial biopsy. Patients with mechanical circulatory support or on ventilators at admission were excluded. The echocardiography findings after admission were reviewed, and patients with atrial fibrillation, LV ejection fraction ! 35%, lack of tricuspid regurgitation (TR), or inadequate image quality to assess TR duration were also excluded. Medical records were reviewed to obtain the following information: vital status; medical treatment; laboratory data including hemoglobin, sodium, plasma brain natriuretic peptide (BNP) concentration, and estimated glomerular filtration rate at the time of echocardiography since they have been reported as prognostic predictors or factors associated with outcomes in heart failure; [5] [6] [7] and outcome data. The date of echocardiography was considered as the entry time-point of observation. Primary outcomes were defined as the implantation of a LV assist device or cardiac death within the first year. The attending physician determined the timing of device implantation based on whether the patient developed cardiogenic shock, had progressive decline of end-organ function, or was considered inotrope-dependent despite optimal medical therapy. Our data collection protocol was approved by the institutional review board of the University of Tokyo Hospital. Echocardiography: Our echocardiography laboratory is maintained according to the guidelines of the Japanese Society of Echocardiography. 8) In all subjects, cardiac chamber quantification by 2D echocardiography was performed according to guidelines. 9) LV diameters were measured using 2D echocardiography according to the recommended criteria. The thickness of the interventricular septum and that of the LV posterior wall were measured at end-diastole. The LV mass was calculated using diastolic measurements of LV diameter and wall thickness on 2D echocardiography according to the cube formula. 9) LV end-diastolic and end-systolic volumes were determined from the apical views using the biplane disc summation method. The LV ejection fraction was calculated by the following equation: 100 × (end-diastolic volumeend-systolic volume)/end-diastolic volume. The left atrial (LA) volume was measured using the biplane method of disks. Each parameter was indexed for body surface area, when appropriate. To assess conventional diastolic parameters, mitral inflow velocities were determined by pulsed Doppler imaging.
10) The peak early (E) and late (A) diastolic velocities, the E-wave deceleration time from the peak of the early diastolic wave to the baseline, and the E/A ratio were assessed from the mitral inflow velocity pattern. The mitral annular motion velocity was recorded at both the lateral and medial mitral annulus in the apical 4-chamber view by pulsed tissue Doppler. The peak early diastolic velocity (e') of the annulus was measured and the ratio of the peak early diastolic transmitral flow velocity to the annular velocity (E/e') was calculated. Because quantitative assessments of mitral regurgitation were not performed in all patients, qualitative assessments (mild, moderate, or severe) by an expert sonographer and the physician were conducted. TR severity was graded according to the guidelines.
11)
Evaluation of conventional RV function parameters:
Based on the guidelines, 9) tricuspid annular plane systolic excursion (TAPSE), tissue Doppler-derived systolic tricuspid annulus motion velocity (S'), and RV fractional area change (FAC) were used to assess the conventional RV systolic function. TAPSE was measured on the M-mode tracing obtained from the RV-focused apical 4-chamber view, with the M-mode cursor aligned along the lateral site of the tricuspid annulus. Pulsed Doppler tissue imaging at the lateral site of the tricuspid annulus was acquired from the RV-focused apical 4-chamber view to measure peak systolic, early diastolic, and late diastolic annular velocities. These measurements were obtained at the end of expiration to minimize translational motion. Angledependent parameters, including TAPSE and S', were obtained using the optimal angle of incidence available. The FAC was calculated from the RV-focused apical 4-chamber view using the following formula: 100 × (RV Xu, ET AL end-diastolic area -RV end-systolic area) / RV enddiastolic area. Moreover, the tissue Doppler myocardial performance index (MPI) was measured from pulsed Doppler tissue imaging at the lateral site of the tricuspid annulus.
Measurement of the RV S/D ratio:
Based on an envelope of TR as assessed by continuous Doppler imaging, the durations of RV systole and diastole were measured, and the RV S/D ratio was calculated (Figure 1 ). According to previous reports, [1] [2] [3] [4] the duration of RV systole was measured from the onset to the end of the Doppler TR envelope. The duration of RV diastole was measured from the end of the Doppler TR envelope to the onset of the next TR envelope. The RV S/D ratio in our study was obtained from simple measurements of TR duration rather than an analysis of the cardiac cycle. Statistical analysis: All data were expressed as the mean ± SD for continuous variables and as percentages for categorical variables. All statistical analyses were conducted utilizing SPSS 17.0 software (SPSS Inc., Chicago, IL, USA). A Student's t-test was used to assess differences between the mean values of continuous variables. Categorical variables were compared with the Fisher's exact test. Pearson's linear correlation analysis was used to determine the correlations between the RV S/D ratio and other echocardiographic parameters. The optimal cutoff value of the S/D ratio was determined by receiver operating characteristic curve analysis. The cumulative eventfree rates were obtained using the Kaplan-Meier method, and the difference between survival curves was tested by the log-rank test. The association of selected variables with the one-year outcome was evaluated using a univariate Cox proportional hazards model. Moreover, Cox proportional hazards models were compared to find the increase in the prognostic benefit of adding the RV S/D ratio as an input variable along with clinical and routine echocardiographic variables. A statistically significant increase in the global log-likelihood chi-square of the model was interpreted as indicating an incremental prognostic value. To determine the reproducibility of the RV S/D ratio, a total of 10 randomly selected examinations were analyzed twice by one investigator at a 1-week interval, as well as by a second investigator. Intra-and interobserver variabilities were expressed as intraclass correlation coefficients. A probability value of < 0.05 was considered significant.
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Results
Five patients were excluded because of the lack of TR, and two more were excluded due to inadequate image quality of the TR envelope. Three patients with atrial fibrillation were also excluded. Therefore, 45 patients with DCM were included in the present study. During the first year, there were 28 cardiac events (4 cardiac deaths and 24 LV assist device implantations).
Patients' characteristics and echocardiographic data:
Patients' general characteristics are summarized in Table I . The patients were divided into an event group (n = 28) and an event-free group (n = 17). There were no significant differences in any of the characteristics between the two groups, except that systolic blood pressure was lower and serum BNP concentration was higher in the event group. The results of echocardiography are summarized in Table II . Compared with event-free patients, patients with a one-year event had a larger LA volume index, a shorter mitral deceleration time, more frequent significant mitral regurgitation, a higher TR pressure gradient, and an elevated RV S/D duration ratio (1.8 ± 0.8 versus 1.2 ± 0.5, P = 0.008, Figure 2) .
Associations between the RV S/D ratio and echocardiographic parameters:
Since RV function strongly depends on RV afterload, we confirmed an association between the RV S/D ratio and the TR pressure gradient as well as conventional RV parameters. The RV S/D ratio tended to correlate with the TR pressure gradient in the present study, but this association was not significant (Figure 3) . As for the conventional RV parameters (Figure 4) , there was an inverse correlation between the RV S/D ratio and FAC, whereas there were no significant associations between the RV S/D ratio and TAPSE, and S' and tissue Doppler MPI. Factors associated with one-year outcome: Table III shows the results of univariate Cox proportional hazards analysis to find the factors associated with one-year events. As shown in the table, serum BNP concentration, LA volume index, mitral deceleration time, FAC, and RV S/D duration ratio were factors associated with the outcomes in the present study. Receiver operating characteristic curve analysis revealed that the optimal cutoff value of RV S/D to predict events was 1.2 (sensitivity, 79%; specificity, 65%; area under the curve, 0.745; Figure 5 ). Kaplan-Meier analysis indicated that the event rate was significantly higher in patients with an RV S/D ratio > 1.2 ( Figure 5 ).
Incremental value of the RV S/D ratio:
The incremental value of the RV S/D ratio is shown in Figure 6 . From Table III, we selected serum BNP concentration and LA volume index as conventional variables to include in a Cox proportional hazards model. Mitral deceleration time was not obtained in several patients because of mitral inflow UTILITY OF RV SYSTOLIC TO DIASTOLIC DURATION RATIO Figure 5 . Receiver operating characteristic curve analysis indicated that the optimal cutoff value of the RV S/D ratio to predict outcome was 1.2. The sensitivity was 97%, the specificity was 65%, and the area under the curve was 0.745 (left). Kaplan-Meier analysis revealed that the cardiac event rate was significantly higher in patients with an RV S/D ratio > 1.2 (right). Tables I and II. fusion; therefore, we excluded mitral deceleration time from this analysis. The addition of an RV S/D ratio > 1.2 to the conventional variables significantly improved the prognostic utility of the Cox model (P = 0.014). When the FAC was used in the model, the chi-square value was smaller than when the RV S/D ratio was used.
Intra-and interobserver variability:
The reproducibility of the RV S/D ratio was excellent. The intraclass correlation coefficients of the intra-and interobserver measurements were 0.99 and 0.96, respectively.
Discussion
The major finding of this study was that the RV S/D ratio was associated with outcomes in univariate analysis in patients with advanced heart failure with DCM. In addition, an RV S/D ratio > 1.2 was significantly associated with an increased one-year cardiac event rate. Furthermore, an RV S/D ratio > 1.2 also provided a significant incremental prognostic value over clinical and routine echocardiographic parameters.
Since the concept of "peculiar RV function" has not yet been fully elucidated, assessments of the RV function remain difficult, although recent advances in imaging modalities make it possible to assess RV morphology. Therefore, we focused on the cardiac phase, a basic component of cardiac function. Although the pre-ejection time, ejection time, and isovolumic relaxation time have been commonly used to assess cardiac function, the systolic and diastolic durations have not been routinely measured, although these are fundamental components of the cardiac cycle and are readily available. Despite the fact that this is a classical method, the advantage of the S/D ratio is that it is very simple and easy to measure, and it does not require assessments of RV morphology, volume, or contraction and expansion, which are still difficult to assess correctly by imaging modalities. Moreover, the RV S/D ratio can be measured even by portable echo machines, and off-line analysis is unnecessary.
For the conventional parameters of RV function, only the FAC was associated with the one-year outcome in the present study. In fact, receiver operating characteristic curve analysis revealed that the optimal cutoff value of FAC to predict events was 22.3% (sensitivity, 61%; specificity, 76%; area under the curve, 0.716), and the area under the curve was similar to that obtained with the RV S/ Xu, ET AL D ratio. Although the FAC has been shown to be an index of RV global systolic function and is recommended in the current guidelines, 9) it has several limitations. Measuring the FAC requires complete, accurate, and high-quality RV echocardiograms to ensure clear delineation of the RV endocardial border. Furthermore, it is difficult to delineate the entire RV wall, especially in an enlarged RV. Moreover, it is apparent that minor variations in the 4-chamber plane position with respect to the RV crescent shape may result in variability of the RV size when linear measurements are performed. Therefore, the RV FAC has only fair interobserver reproducibility. 9) Moreover, the FAC neglects the contribution of the RV outflow tract to overall systolic function. In contrast, the RV S/D ratio can be measured without information on the complete RV endocardial border and wall motion, and measuring the RV S/D ratio was simpler and more accurate than the FAC in selected subjects in the present study. Indeed, the reproducibility of the RV S/D ratio was excellent in this study. A previous report has shown that a higher RV S/D ratio was associated with a worse RV FAC, worse hemodynamics as measured by catheterization, a shorter 6-minute walk distance, and worse clinical outcomes in children with pulmonary arterial hypertension. 4) In this study, an inverse correlation between the RV S/D ratio and the FAC was observed, and this result agrees with a prior study. A higher RV S/D ratio may reflect worse hemodynamics and functional status as well as worse RV systolic dysfunction.
A previous report indicated that tissue Doppler MPI and the RV S/D ratio may provide complementary information on predicting RV dysfunction. 12) However, tissue Doppler MPI was not associated with outcomes in patients with advanced heart failure with DCM in the present study. This may be because tissue Doppler MPI is load dependent and unreliable when right atrial (RA) pressure is elevated. 9) Our patients had a relatively dilated inferior vena cava, indicating an elevated RA pressure.
The systole constitutes about 50% of the cardiac cycle in healthy adults. 13) Ventricular failure is characterized by a prolongation of the pre-ejection period due to a decreased rate of rise of intraventricular pressure and abbreviation of ejection time. 13) In the present study, the duration of the systole was measured from the onset to the end of the Doppler envelope of TR. [1] [2] [3] [4] 12) Therefore, the systolic duration included the isovolumic contraction phase, ejection phase, and isovolumic relaxation phase, which is simply the total time that RV pressure was higher than RA pressure. In the cardiac cycle, the systolic duration is relatively prolonged when there is RV systolic and diastolic dysfunction (due to prolongation of both isovolumic phases); therefore, the RV S/D ratio rises in RV dysfunction. We postulate that the RV S/D ratio is a useful measurement, since it may reflect not only prolongation of isovolumic contraction and relaxation times (which are part of the systolic duration as defined by the TR duration), but also the shortening of the diastolic filling duration. Therefore, in patients with advanced heart failure due to DCM, the filling of the RV takes longer in preparation to open the pulmonary valve, but there is insufficient time for ejection and filling. Actually, our patients with DCM had an increased RV S/D ratio even in the event-free group compared with control groups in prior reports. 1, 2) Moreover, our results show that the more prolonged the RV S/D ratio, the higher the risk of one-year events. Although the utility of the RV S/D ratio has not been reported in adolescent or adult patients, previous reports have shown that the RV S/D ratio is increased in children with pulmonary arterial hypertension, patients with restrictive cardiomyopathy, and patients with DCM compared with controls. 1, 2, 4) This suggests that an increased RV S/D ratio is probably a nonspecific index of abnormal global cardiac performance.
An increased S/D ratio suggests that a compromised systole function leads to impaired diastole function, owing to a shortened diastole that is greater than the expected rate-related decrease in diastole. [14] [15] [16] [17] The heart rate is a major determinant of diastolic and systolic durations. The duration of the systole is linearly related to the heart rate, with an inverse relationship between the ejection time and the heart rate.
16) The diastole is longer at lower heart rates because of a longer diastasis. 14, 15) In the present study, there was a significant weak positive correlation (r = 0.455, P = 0.002) between the heart rate and the RV S/D ratio, which was similar to those reported in previous studies. [1] [2] [3] [4] However, there was no significant difference in the heart rate between patients with or without events, indicating that the severity of heart failure per se caused an increase in the RV S/D ratio. Limitations: There are several limitations of the present study. First, since this study was retrospective, it is necessary to validate our results in a prospective observational study. Second, this study was conducted at a single center, and consequently included a limited number of patients. However, our hospital is one of the high-volume centers that manages patients with advanced heart failure and performs heart transplantation in Japan. A Doppler envelope of trace TR might be difficult to visualize entirely; however, the onset and termination of the envelope is usually visible, allowing measurements of the duration of TR.
Furthermore, since patients with DCM often have TR that is more than trace, an adequate Doppler envelope can be recorded easily in most subjects. More than half of our patients reached the primary endpoint during hospitalization after their baseline echocardiographic examination, and multiple full studies in the echocardiographic laboratory could not be performed. Since it is uncertain whether the RV S/D ratio will change with the treatment of heart failure, further investigation should provide new insights into this issue. Although net reclassification improvement and integrated discrimination improvement have been commonly used to show the incremental value of a diagnostic parameter, these methods are very complex and difficult to use. Therefore, we used the global log-likelihood chi-square of the model in this study. Finally, we only analyzed patients with advanced heart failure with DCM, and it is not clear if our results apply to patients with other cardiac diseases. The RV S/D ratio in various cardiac diseases should also be investigated in future studies.
Conclusion
In patients with advanced heart failure with DCM, the RV S/D ratio was higher in those with events than in those without events. The measurement of the RV S/D ratio, in addition to conventional parameters, may provide better prognostic information in these patients.
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